INTRODUCTION
============

Colorectal cancer was the third most frequent cancer in Korea in 2013.[@B1] In particular, colorectal cancer is found with liver metastases in 20--25% of patients due to characteristics of cancer itself. Approximately 20% of patients with liver metastases are resectable.[@B2][@B3] The 5-year survival rate for patients with resectable liver metastases has increased to 30%--50%.[@B4][@B5] Preoperative chemotherapy can reduce the extent of liver metastases if they are unresectable. It might make them resectable, thus increasing the survival rate of patients.[@B6] Colorectal cancer research has also enhanced chemotherapeutic regimens and increased survival rates.

Surgical options for colorectal liver metastasis (CRLM) include simultaneous resection or a staged operation. A simultaneous resection of CRLM can reduce patient burden and the length of hospital stay. However, morbidity can increase slightly because the surgery is a major resection and the patient may have undergone preoperative chemotherapy.[@B7] In addition, simultaneous operation can only be performed in patients with resectable CRLM which is a limitation. On the other hand, a staged operation for CRLM may lead to fewer postoperative complications and a better outcome. However, this has not been demonstrated yet. A staged operation involves two major operations. This will increase the length of hospital stay and cost.[@B4]

Laparoscopic liver surgery was first reported in 1996.[@B8] Since then, laparoscopic devices and techniques have been substantially improved and surgeon\'s range of choice to perform a laparoscopic operation has also extended. Laparoscopic operation has been generalized to almost all surgeries. It has become one of standard surgical choices. Laparoscopic liver resection is also getting standardized because of advances in ablation techniques, anesthetic techniques, and postoperative care. However, laparoscopic liver surgery is difficult for surgeons who are newly performing it because it involves complex procedures and anatomy with difficulties for uncontrolled hemorrhage and a stressful learning curve to overcome.[@B9] Some reports have shown encouraging results of laparoscopic liver resection.[@B9][@B10][@B11] Therefore, many hepatobiliary surgeons are attempting to use this approach. These challenges have been applied to living donor hepatectomy. A report has shown that laparoscopic living donor hepatectomy is feasible.[@B12] Recently, researchers have been attempting to accomplish minimally invasive liver resection surgery. There have been efforts to decrease incision sizes during open surgery. Major liver resection is traditionally performed with an inverted L incision or an inverted T incision. One study has compared minimal open surgery with a previous large incision surgery[@B13] and found that minimal open surgery is feasible for the surgeon and patient.

In this report, we evaluated short-term outcomes and complications of patients who received liver resection for colorectal cancer in our center using laparoscopic or open surgical technique. This study was funded by National Cancer Center, Korea (Grant No.1810203-1).

MATERIALS AND METHODS
=====================

Patient characteristics
-----------------------

A total of 123 patients underwent liver resection for CRLM at a single institute from March 1, 2013 to June 31, 2016. We reviewed and analyzed electronic medical records of all patients retrospectively. These patients were divided into two groups according to whether they underwent laparoscopic surgery for liver resection (LSLR, n=22) or open surgery for liver resection (OSLR, n=101).

All patients were diagnosed with CRLM. Ninety-seven patients were diagnosed with liver metastasis at the same time colorectal cancer was diagnosed by preoperative computed tomography or magnetic resonance imaging. The other 26 patients were diagnosed with liver metastasis during outpatient follow-up after they underwent colorectal cancer surgery. A simultaneous operation was our first choice if the liver metastasis was resectable. The first choice for an unresectable metastasis was colorectal cancer resection followed by adjuvant chemotherapy. Regarding the second choice, patients received neo-adjuvant chemotherapy first and CRLM was then resected next. In this report, we evaluated only differences in outcomes and complications between LSLR and OSLR groups. Therefore, differences between synchronous and metachronous groups were not evaluated. Differences between simultaneous and staged operation were not evaluated neither.

Surgical procedure
------------------

Colorectal cancer operation was basically done laparoscopically or with open conversion or open surgery depending on cancer status. Liver resection was performed only after colorectal surgery. OSLR incision only used an upper midline incision. LSLR used an additional port incision because the port incision for colorectal surgery was not suitable for laparoscopic liver resection. Additionally, three cases were converted from LSLR to OSLR. These cases were included in the OSLR group.

Extracorporeal Pringle maneuver was performed to reduce bleeding during liver parenchymal transection in the LSLR procedure. An additional port was inserted in the left lower quadrant of the abdominal wall and the hepatoduodenal ligament was encircled with umbilical tape. The tape was externalized through a long plastic pipe used as an injection extension and the external tip was clamped with mosquito forceps. This Pringle maneuver was performed every 20 min and relieved every 5 min during liver parenchymal transection. Liver transection was performed with a cavitron ultrasonic surgical aspirator (CUSA) and energy devices such as Thunderbeat. Small vessels were ligated with CUSA electrocautery or laparoscopic clip devices. The main glissonian pedicle and hepatic vein were ligated with endo-GIA stapler.

Definitions
-----------

Colorectal cancer tumor staging was analyzed according to the American Joint Committee on Cancer, 7th edition. Postoperative complications were defined as any deviation from the normal postoperative course that needed additional physiotherapy, interventions, or endoscopic or additional surgical management. If a patient had multiple complications, only complication with the highest grade was included. Complications were graded using the Clavien-Dindo scale ranging from grade 1 (mild) to grade 5 (death).[@B11] Postoperative complications were checked for 30 days. Postoperative mortality was defined as death within 30 days after surgery. If a patient was discharged within 30 days, postoperative complications or outcomes were examined in the outpatient clinic until 30 days. Operation record was reviewed for perioperative analysis. We reviewed liver resection operation record for estimated blood loss, operation time, major or minor resection, and need for perioperative transfusions. Operation time of liver resection in simultaneous operation was calculated by excluding time of primary colon operation from total operation time. Size, number, and resection margin of the metastatic tumor were reviewed when pathological diagnosis of the liver resection specimen was confirmed.

Statistical analyses
--------------------

Categorical variables are presented as sex, American Society of Anesthesiologists (ASA) score, synchronicity, tumor location, and colon cancer T, N stage. These variables were compared using Fisher\'s exact and χ^2^ tests. Continuous variables are presented as age, body mass index (BMI), metastatic tumor number, size, and resection margin. These variables were compared using independent sample t-test and Mann-Whitney U test. Risk factors found to be statistically significant in univariate analysis were entered into a multivariate binary logistic regression model to predict major complications after surgery. Variables found to be significant on univariate analysis (*p*\<0.100) were considered in a multivariable model. Differences were considered significant at *p*-value\<0.05. All statistical analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA) and R version 3.3.3 software.

Propensity score matching using patients\' clinicopathologic variables including sex, age, BMI, synchronicity of tumor, colon cancer T, N stage, the number of tumors, and liver resection range was performed to reduce differences between the two groups for more accurate comparison. However, there were no statistically significant differences in perioperative data, disease-free survival (DFS), or overall survival (OS) between the two groups. A comparison of DFS after propensity score matching is shown in [Supplementary Table 1](#S1){ref-type="supplementary-material"}.

RESULTS
=======

Patients and tumor characteristics
----------------------------------

A total of 123 patients underwent liver resection for CRLM, including 101 (82.1%) patients in the OSLR group and 22 (17.9%) patients in the LSLR group. No significant differences in sex, ASA score, BMI, or maximum size of liver metastases were detected. Statistically significant differences were observed in age, synchronicity of tumor, metastatic tumor number, and tumor margin (*p*=0.029, *p*=0.004, *p*\<0.001, and *p*=0.002, respectively). No significant differences were observed in primary colon cancer T stage or N stage between the two groups ([Table 1](#T1){ref-type="table"}).

Perioperative and postoperative data
------------------------------------

Operation time and transfusion rate were not statistically different between the two groups (*p*=0.375, *p*=0.979, respectively). The ratio of major to minor liver surgery was not significantly different between the two groups either (*p*=0.158). However, estimated blood loss in the LSLR group was less than that in the OSLR group (*p*=0.018) ([Table 2](#T2){ref-type="table"}).

Postoperative outcomes and types of complication are listed in [Tables 3](#T3){ref-type="table"} and [4](#T4){ref-type="table"}. There was no mortality observed in 30 days after surgery. Only one patient developed a severe complication with colonic anastomotic leakage. However, the patient recovered well after reoperation. There were no statistically significant differences in postoperative outcomes such as complication grade between the two groups. Only the length of hospital stay was significantly shorter in the LSLR group compared to that in the OSLR group (8.5 days in LSLR group vs. 11 days in OSLR group, *p*\<0.001).

Univariate analysis was performed to evaluate risk factors for postoperative complications ([Table 5](#T5){ref-type="table"}). Some variables such as sex and primary colorectal cancer T stage showed statistical significance in both univariate and multivariate analyses. However, operation method was not statistically significant in these analyses.

DISCUSSION
==========

We compared outcomes between LSLR and OSLR in patients with CRLM. The number of liver metastases, resection margin, and length of hospital stay were significantly different between the two groups. Our results suggest that LSLR may be favorable for patients with CRLM and a small number of metastases.

A favorable long-term oncological outcome or cure for cancer is expected only if patients with CRLM will undergo surgical resection of the cancerous region. However, whether a simultaneous resection or a staged operation should be performed remains controversial. Several reports have shown that a staged operation is safer with fewer perioperative complications.[@B14][@B15][@B16] However, with development in surgical devices and techniques, pre- and post-operative management, and anesthetic techniques, safer and more aggressive liver resection operations are now possible[@B17] and minimally invasive surgery for liver resection is now available for patients with CRLM. Laparoscopic surgery is a minimally invasive surgery. Most new devices and techniques are now focused on laparoscopic surgery. In fact, abdominal surgery is now mostly performed laparoscopically. It is also desired by most patients. Hepatobiliary surgery has progressed slower compared to other minimally invasive operations primarily due to complexity of procedures and anatomy, difficulties with uncontrolled hemorrhage, and stressful learning curve.[@B9] Some reports have shown favorable outcomes. However, those results usually represent activity at highly experienced centers. With recent progress in techniques and a better understanding of hepatobiliary surgery, minimally invasive surgery has shown encouraging results.[@B10][@B11]

Several reports have compared LSLR to OSLR in patients with CRLM.[@B18][@B19][@B20] Most of these studies have reported that patients who undergo LSLR have less perioperative blood loss, fewer complications, less consumption of analgesics, and shorter length of hospital stay with comparable long-term outcomes. Laparoscopic living donor hepatectomy has now been performed during liver transplantation. Laparoscopic liver resection will take the place of living donor hepatectomy during liver transplantation in the future.[@B12]

We performed OSLR with only an upper midline incision, even for a major resection. Major liver resection such as right hemihepatectomy is typically performed with large incision such as an inverted L incision. This is not special as an upper midline incision is generalized for liver resection. One study has compared a minimal incision and inverted L incision.[@B13] All single OSLR procedures were performed with only an upper midline incision which was a minimal incision for a right hemihepatectomy during major liver resection.

Several limitations of our study should be mentioned. The major limitation was that LSLR group sample size was too small compared to the OSLR group. Although propensity score matching analysis was applied to overcome this major limitation and analysis showed no statistical differences between the two groups, this small sample size made this study hard to be generally acceptable. Additionally, this study revealed only small advantage of laparoscopic liver resection available for selected group. Another important controversy about simultaneous versus staged operation was not evaluated in this study. Further well-designed large study is needed to reveal the actual advantage of laparoscopic liver resection. In addition, this study was designed retrospectively. Therefore, there might be selection bias.

In conclusion, no significant differences in postoperative outcomes were observed between LSLR and OSLR except length of hospital stay, the number of liver metastasis, and the resection margin. Our results suggest that LSLR may be favorable in highly selected patients with CRLM having small metastatic region.

This study was approved by the institutional review board of National Cancer Center (No. NCC2017-0092).
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ASA, American Society of Anesthesiologists
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HR, hazard ratio; CI, confidence interval
